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My invention relates to improved apparatus for 
compensating electric circuits for variations in, 
the voltage, of the source of supply thereto and is 
particularly useful for use in connection with 
measuring circuits. ïr carrying, my invention 
into effect,_ I empl0y a regulator consisting of a 
s.w.'tch in the circuit to be regulated, a. thermal 
responsive bimetallic element for opening and 
closing the switch which is heated by the reg- 
ulated current,, and a resistance in shunt to the 
switch and heater. It bas been found that the 
average current through the regulator wfll be 
constant over a considerable range of variation in 
the supply voltage. 
The features of my invention which are be- 
lieved fo be novel and, patentable will be pointed. 
out in the claims appended.hereto. For a botter 
understanding of my invention reference is ruade 
in the folloving description t0 the accompanying 
drawing.in which Fig. I. shovs a measuring circuit 
explanatory of. the evolui0n of my invention. 
Fig. 2. shows a measuring circuit invelving, my in- 
ventions, and Fig. 3, shows a differential measuring. 
circuit involving my inventiom Fig. 4 shows in, 
strument, response-sup.pl voltage variation 
curves of different circuit arrangements, explan- 
atory of my invention. 
ïn Fig. 1 at. I there is. represented an, electri- 
cal measuring instrument assumed, to be of the 
root, mean square currenf measuring type; that 
is, a meter that measures the heatingvalue of the 
current therethrough. It may be of the simple 
thermal responsive bimetallic type. Such instru- 
ment is supplied from a variable voltage source 
of supply 2 through a thermal responsive switch 
or regulator at 3, The regulator consists of a 
stationary contact 4 and a thermal responsive 
bimetallic strip- 5 cooperating with contact 4 to 
f.vrm a switch in the circuit shown, and also are- 
sistance heater 6 for heating the strip 5. and-con- 
nected in series with the swich. The regulator 
3 is arranged to close the circuit, when the bi- 
metallic:strip 5 is cool or at normal ambient tem- 
perature,, and to bave the bimetallic strip bond 
away from contact  to open the circuit and in- 
errupt the heating current, as shown, when the 
strip is boY. Some heating maY be contributed 
by current flow through the- bimetallic strip as 
well' as tha-t through theheater. 
A. regulator of this type will operate, to open 
and close the circuit. Thus, in Fig. 1, as soon as 
the bimetallic strip 5 cools, it will more against 
contact  closing the circuit. Heater 6 will heat 
the strip and it will bond away and open the cir- 
cuit. When the supply voltage is low, heating 
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is slower and the circuit remains closed, longer. 
than when the supply voltage is high and heating 
is faster. The current pulses thus produced pass 
through meter I, and it measures the foot mean. 
fi square value of such current pulses. As might 
be expected, the pulsating current as measured by 
this meter remains constant over a wide  range.of 
variation in the voltage supplied to the circuit, 
since it measures the heating value of such. cur-. 
10 rent which is proportional to the heating supplied 
to the regulator at 3. 
In Fig; 4 the abscissas represent the voltage 
supplied to the circuit and the ordinates repre 
sent the current in milliamperes as measured by 
15 meter I in terres of foot mean square value. It is 
ound that the current as thus measured when the 
voltage supplied fo the circuit is varied over the 
range indicated is constant as shown by curve ï. 
Hence, if one isinterested in obtaining a constant  
20 foot mean square value of current from a source 
of supply which varies in voltage value, a reg- 
ulator such as shown in Fig. 1 will produce this 
result. 
ïl, now, in Fig. 1, ï substitute for meter I a 
25 d'Arsonval measuring instrument which measures 
the average value of current and repeat the ex- 
perLment, it is round that the instrument re- 
sponse-voltage variation curve will be as shown 
in curve Iï, Fig. 4. Thus, the average value o£ 
30 current in the circuit decreases as the voltage in- 
creases very appreciably. 
ïn Fig. 2, ï bave shown a circuit much like that 
oï Fig. 1, except that that the instrument con- 
tained therein at 6 is a d'Arsonval instrument 
35 which measures average current value, and a re- 
sistance  is connected in shunt fo the regulator 
of Fig. 1. Such combination oï the regulator  o 
Fig. 1 and the shunt  constitutes a new. and dif-. 
feront regulator. In Fig. 2 the shunt resistance  
4O passes current in proportion to the supply volt- 
age when the thermal switch is open. ït also 
passes some current when the switch is closed, 
but "bhis is small in comparison to that passed 
when the switch is open beeause closing the switch 
45 largely short circuits the resistance. The dura- 
tion of switch closure per current pulse there- 
through is inversely proportional to the supply 
voltage. Hence, the proportion oï total rime dur 
ing which the shunt resistance passes high cur- 
50 rent increases with the voltage, and hence, the 
average current passed by the shunt increases 
with fise in voltage as the average current through 
the switch decreases with fise in voltage. By 
suitably proportioning the value oï the resist- 
fifi ance of the shur/t  to the resistance of the heater 
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8 and the resistance of the remainder of the 
circuit, the regulator of Fig. 2 may be made to 
supply a constant average current over a consid- 
erable range of voltage variation. 
Curve II, Fig. 4, represents the average current 
passed by the thermal switch in Fig. 1. If may 
also represent with reasonable accuracy the 
average current passed by the thermal switch in 
Fig. 2. Dotted line curve III represents the 
average current passed by the shunt resistance 
7 of Fig. 2. Then the total average current passed 
by the regulator of Fig. 2 is the sure of curves II 
and III which is curve IV. If is noted that the 
total average current passed by the regulator of 
Fig. P. is constant over a range of voltage variation 
from about 15 to 21 volts as measured by a well 
damped d'Arsonval instrument 6, or over a range 
of --15 per cent from the 13-volt value. Curve 
II was obtained using a 1. ohm milliammeter, a 
24-volt storage battery source of supply with a 
tap for varying the voltage, and.a Nichrome 
thermal switch heater resistance of 60. ohms cold. 
Curve IV was obtained with the saine elemeuts 
but with a 500. ohm shunt resistance at 7. 
In Fig. 3, I bave represented my constant aver- 
age.current regulator in a differential measuring 
circuit for measuring the temperature of a ten» 
perature sensitive resistance detector represented 
at 6. At 9 is a resistor comparable to 8 but having 
a negligible temperature coefficient of resistance 
and subject to small temperature variations. At 
I{} is a direct current source of supply which Js 
assumed to vary in voltage over a range oï --15 
per cent. Such source supplies two parallel cir- 
cuits through my regulator which bas been pre- 
viously described. One of these circuits contains 
the temperature sensitive resistance 8 and a con- 
stant resistance II; and the other branch con- 
tains the resistance 9 and a constant resistance 
12 comparable to II. A four-afin resistance 
bridge circuit is thus formed in which one arm 
8 varies with temperature. A well damped zero 
center d'Arsonval millivoltmeter 13 is connected 
across the bridge as shown. At some mid-tem- 
perature point of resistance 8 the bridge is 
balanced and the zero center point of the instru- 
ment 13 scale is marked with such temperatuEe. 
Then as the temperature varies from this point, 
the bridge becomes unbalanced in a direction de- 
pending upon whether the temperature at 8 rises 
or falls. The scale of instrument 13 is calibrated 
accordingly. By using my regulator with the re- 
sistance 7 suitably proportioned to the resistance 
of heater 6 and the load resistance so as to obtain 
constant average current regulation for normal 
voltage of source 10, no error in temperature 
measurement is occasioned by variations in volt- 
age of source I0 over a range of ___15 per cent 
from normal. 
What I claire as new and desire to secure by 
Letters Patent of the United States is: 
1. An electric circuit including a load, a source 
oî supply therefor, and a regulator connected in 
series between the source of supply and load for 
maintaining the average load current constant 
when the voltage of the source of supply varies, 
said regulator comprising a thermal responsive 
switch which is closed at ambient temperature 
and which opens when heated above ambient 
temperature, electric heater means traversed by 
urent flow through said switch for heating the 
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switch when closed and thereby causing it fo open 
and interrupt such heating whereupon the switch 
cools again and the action is repeated, said 
thermal switch having a closure period which is 
5 substantially inversely proportional to the supply 
voltage, and a resistance connected in shunt to 
said switch and heater means, for passing cur- 
rent around said switch when the switch is open, 
said resistance having such value that the total 
10 average current passed by both the switch and 
resistance remains constant over a wide variation 
in the circuit supply voltage. 
2. In combinatiin with an electric miasuriri.g 
circuit having a source if supply voltage whicih 
15 varies from normal and a measurement load sup-- 
plied thereby, regulating means connected i 
series relation in said circuit between said source 
and measurement load comprising a resistance 
connected in parallel with a thermal responsive 
20 switch, the thermal responsive switch being 
biased clised at ambient temperature and sub- 
ject to heating by current passing therethrough 
to cause the switch to open, whereby the switch 
opens and closes repeatedly as it is heated and 
25 cooled, the switch having a closure rime per oper- 
ating cycle which is inversely proportional to the 
supply voltage, said parallel connected resistance 
having a value such tha the total average cur- 
rent passed by the switch and resistance in said 
30 circuit remains constant for ±15 variations from 
normal in the supply voltage. 
3. A measuring circuit comprising a source of 
supply, a ïour-arm bridge supplied from said 
source, one arm comprising an impedance the 
35 value of which varies in proportion to the quan- 
tity fo be measured, a well damped d'Arsonval 
measuring instrument connected across said 
bridge to indicate the direction and extent of un- 
balance of said bridge due to variations in said 
40 variable impedance arm and a current regulator 
connected in the supply to said bridge from said 
source comprising a resistance and a thermal re- 
sponsive switch connected in parallel, said 
thermal responsive switch being biased to a closed 
45 position at ambient temperature and subject to 
heating by current passing therethrough to cause 
if to open, whereby it repeatedly opens and closes 
as it heats and cools, said regulator being designed 
and serving to compensate said measuring circuit 
50 for appreciable variations in the voltage of its 
source of supply, and the opening and closing 
regulating action of said thermal responsive 
switch being sufficiently rapid in relation to the 
damping of said instrument that the latter is 
55 nonresponsive to such regulating action. 
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